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© Antiblooming structure for CCD image sensor. 



CD 
CM 



© An image sensor having antiblooming character- 
istics includes a plurality of photodetectors in a 
substrate at a surface thereof and arranged in an 
array of columns and rows. A CCD shift register 
extends along each column of the photodetectors. A 
separate overflow drain is adjacent each photodetec- 
tor and an overflow barrier extends between each 
photodetector and its adjacent drain. Each 
photodetector has an active region of one conductiv- 
ity type which is divided into first and second por- 
tions. The first portion of the active region has a 
higher concentration of the impurities of the one 
conductivity type than the second portion so as to 
have a lower potential during operation thereof. 
Thus, the charge carriers generated in the first por- 
tion will flow into the second portion where they are 
stored. This reduces the capacitance of the 
photodetector to increase it antiblooming characteris- 
tics while maintaining the sensitivity of the 
photodetector. 



FIG. 1 
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Field of the Invention 

The present invention relates to a charge-coup- 
led device (CCD) image sensor having photodetec- 
tors with antiblooming features, and, more particu- 
larly, to such an image sensor having improved 
antiblooming characteristics without sacrificing oth- 
er performance characteristics of the photodetec- 
tors. 

Background of the Invention 

One type of a CCD image sensor, in general, 
comprises a plurality of photodetectors arranged in 
an array, such as an array of rows and columns, 
and CCD shift registers between the columns of 
the photodetectors. The photodetectors in each 
column are coupled, such as by a transfer gate, to 
their adjacent shift register so that the charge car- 
riers generated and accumulated in the 
photodetectors can be selectively transferred to the 
shift register. The shift registers transfer the charge 
carriers to the read-out circuit of the imager. 

One problem which has arisen in this type of 
imager is referred to as "blooming". If, during the 
accumulation period of the imager (i.e., the period 
when the photodetectors are receiving photons 
from the image and converting the photons to 
charge carriers), a photodetector accumulates an 
excess amount of charge carriers, some of the 
charge carriers will overflow from the photodetector 
into the adjacent shift register and/or photodetector. 
This adversely affects the charge carriers in the 
shift register being transferred to the read-out cir- 
cuit causing "blooming". 

A conventional technique used for preventing 
blooming (i.e., an antiblooming technique) uses an 
overflow drain adjacent the photodetector with the 
drain being isolated from the photodetector by a 
potential barrier. The potential barrier between the 
photodetector and antiblooming drain is lower than 
the barrier provided by the transfer gate between 
the photodetector and the CCD shift register during 
the accumulation period. Thus, if the charge level 
in the photodetector reaches a sufficient amount to 
lower the photodetector potential to a level below 
that of the barrier between the photodetector and 
the antiblooming drain, additional signal carriers are 
swept over into the antiblooming drain where they 
are removed by the drain supply. This prevents 
excess charge from flowing into the shift register 
during the integration period and thereby prevents 
blooming. 

The amount of antiblooming protection, X AB , is 
defined as the ratio of the exposure level which 
causes blooming to the saturation exposure level. 
For a constant integration time and with no, or 
negligibly small levels of smear, the amount of 



antiblooming protection is given by: 
X AB = exp[q(N CC D - N PD )/CV t ] 

5 where q is the electron charge, N CCD is the charge 
capacity of the CCD, N PD is the capacity of the 
detector element at saturation, C is the detector's 
capacitance, V t is the thermal voltage as given by 
nkT/q, n is the nonideality factor of the antibloom- 

70 ing structure, k is Boltzmann's constant, and T is 
the absolute temperature of the detector. Hence 
X AB is seen to be exponentially dependent on C. 

Also, the photoresponse nonlinearity of a 
photodetector at saturation operating under these 

15 conditions is given by: 

PRNL = [CV t /RE SAT ]ln(2) 

where R is the detector's responsivity in 
20 amps/watt/m 2 , and Esat is the saturation exposure 
in joules/m 2 . Thus, the photoresponse nonlinearity 
(PRNL) is linearly dependent on C. 

Although simply reducing the area of the 
photodetector reduces its capacitance and thereby 
25 improves antiblooming characteristics, it also re- 
sults in a reduction in responsivity because of the 
loss in photoactive area. Therefore, it would be 
desirable to be able to reduce the storage area of a 
photodetector so as to reduce its capacitance while 
30 maintaining a large photoactive area. 

Summary of the Invention 

In a solid state imager having photodetectors 

35 with an antiblooming drain adjacent each 
photodetector, the storage area of each 
photodetector is reduced while maintaining a large 
photoactive area by providing one portion of the 
photodetector with a lower potential than the re- 

40 maining portion of the photodetector, such as by 
increasing the doping density of the one portion 
over that in the remaining portion of the 
photodetector. Charge carriers then generated in 
the one portion of the photodetector will then flow 

45 into the remaining portion where they are stored. 

A solid state imager of the present invention 
comprises a body of a semiconductor material of 
one conductivity type having a surface and at least 
one photodetector region in the body at the sur- 

50 face. A CCD shift register is along the photodetec- 
tor region and a drain region is in the body at the 
surface and adjacent the photodetector region. A 
barrier is between the drain region and the 
photodetector region. The photodetector region has 

55 first and second portions with the first portion hav- 
ing a lower potential than the second portion so 
that during operation thereof charge carriers gen- 
erated in the first portion flow into the second 
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portion. 

The invention will be better understood from 
the following more detailed description taken with 
the accompanying drawings. 

Brief Description of the Drawings 

FIG. 1 is a top plan view of a portion of a CCD 
image sensor which incorporates the present 
invention; 

FIG. 2 is a cross-sectional view taken along line 
2-2 of FIG. 1: 

FIG. 3 is a diagram showing the electrical poten- 
tials in the various portions of the image sensor 
along the cross-section of FIG. 2; 
FIG. 4 is a cross-sectional view taken along line 
4-4 of FIG. 1; 

FIG. 5 is a diagram showing the electrical poten- 
tials in the various portions of the image sensor 
along the cross-section of FIG. 4; and 
FIG. 6 is a three dimensional diagram of the 
channel potentials in the various portions of the 
image sensor of the present invention. 
The drawings are not necessarily to scale. 

Detailed Description 



Referring to FIGs. 1 , 2 and 4, there is shown a 
top plan view (FIG. 1), a cross-section view (FIG. 
2), and a cross-sectional view (FIG. 4), of a CCD 
image sensor 10 in accordance with the present 
invention. Image sensor 10 comprises a substrate 
body 12 having a surface 14. The substrate body 
12 is of a semiconductor material, such as single 
crystalline silicon, of one conductivity type, typi- 
cally p-type. In the body 12 and along the surface 
14 are a plurality of spaced photodetectors 16 
which are arranged in an array, typically in rows 
and columns. Along each column of the 
photodetectors 16 is a separate CCD shift register 
18. Each shift register 18 is adapted to receive 
charge carriers from its adjacent column of 
photodetectors 16 and transfer the charge carriers 
to an output circuit (not shown). 

A channel stop 20 is in the body 12 and 
extends along the side of each column of 
photodetectors 16 opposite the shift register 18 for 
the column of photodetectors 16. The channel stop 
20 also extends between adjacent photodetectors 
16 in the column. As shown in FIGs. 2 and 4, the 
channel stop 20 is a region of the same conductiv- 
ity type as the body 12, but of higher conductivity 
(shown as p+ type) in the body 12 and extending 
along the surface 14. 

As shown, each of the photodetectors 16 is a 
photodiode of the pinned type. However, the 
photodetectors 16 can be of other types, such as a 
photocapacitor. As shown in FIGs. 2 and 4, each 



photodiode 16 comprises a first region 22 of n-type 
conductivity (typically having a dopant concentra- 
tion of about 10 17 impurities/cm 3 ) in the body 12 at 
the surface 14. The first region 22 extends from the 

5 shift register 18 to the channel stop 20. A second 
region 24 of p-type conductivity is in a portion of 
the first region 22. As shown in FIG. 1, the second 
region 24 is formed of first and second portions 
24a and 24b. The first portion 24a has a concentra- 

70 tion of the p-type conductivity dopant greater than 
the concentration of the dopant in the second por- 
tion 24b, or the second portion 24b can have a 
higher concentration of n-type dopant than the first 
portion 24a. 

75 A drain 26 is in the body 12 at one corner of 

each of the photodetectors 16. The drain 26 com- 
prises a portion 22a of the n-type first region 22 
and an n+ type contact region 28 in the portion 
22a. The contact region 28 has a concentration of 

20 about 10 19 impurities/cm 3 . An antiblooming barrier 
30 extends around the drain 26. The antiblooming 
barrier 30 comprises a highly conductive p-type 
region, (shown as p+ type) in the body 12 at the 
surface 14. The portion 30a of the barrier 30 along 

25 the first portion 24a of the second region 24 has a 
dopant concentration greater than the first portion 
24a and the portion 30b of the barrier 30 along the 
second portion 24b of the second region 24 has a 
doping concentration greater than the second por- 

30 tion 24b, but not as great as the portion 30a of the 
barrier 30. The second region 24 of the photodiode 
16 extends up to the barrier 30. 

A thin layer 31 of a dielectric material, typically 
silicon dioxide, is on the surface 14 of the body 12. 

35 Each shift register 18 comprises a channel region 
32 of n-type conductivity (having a concentration of 
about 10 17 impurities/cm 3 ) in the body 12 at the 
surface 14. The channel region 32 extends along 
and is spaced from its adjacent column of 

40 photodetectors 16. A plurality of conductive gates 
34 are on the dielectric layer 31 and extend across 
the channel region 32. The gates 34 are positioned 
along the channel region 32 and there is at least 
one gate 34 for each of the photodetectors 16. At 

45 least some of the gates 34 extend across the 
space between the channel region 32 and the 
photodetectors 16 to serve as transfer gates to 
permit the transfer of charges from the photodetec- 
tors 16 to the channel region 32. 

50 In the operation of the image sensor 10, light is 

directed into the photodetectors 16 as indicated by 
the arrows 36 in FIGs. 2 and 4. The photodetectors 
16 convert the light to electrons which are stored in 
the photodetectors 16. By applying a proper poten- 

55 tial to the gates 34, the stored carriers (i.e., the 
electrons) are transferred to the channel region 32 
of the CCD shift register 18. Again by clocking the 
gates 34 with the proper potentials, the carriers are 
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then transferred along the channel region 32 to an 
output circuit (not shown). 

Referring to FIGs. 3, 5 and 6, there are shown 
diagrams of the potentials in the various portions of 
the image sensor 10. FIG. 3 shows the potentials in 
the portions of the image sensor shown in the 
cross-section of FIG. 2, FIG. 5 shows the potentials 
in the portions of the image sensor shown in the 
cross-section of FIG. 4, and FIG. 6 is a three 
dimensional diagram of the potentials in one 
photodetector 16. As can be seen in these dia- 
grams, because of the difference in the impurity 
concentration in the first and section portions 24a 
and 24b of the second region 24 of the photodiode 
16, the potential P24a in the first portion 24a is less 
than the potential P24b in the second portion 24b. 
Thus, carriers which are generated in the first por- 
tion will flow into the deeper well in the second 
portion 24b, as indicated by the arrow 38 in FIG. 6, 
where they are stored. 

The potential P20 of the channel stop 20 is 
lower than both the potentials P24a and P24b of 
the first and second portions 24a and 24b. This 
provides a barrier to prevent the carriers from 
flowing from one photodiode 16 to the next or from 
a photodiode 16 to an adjacent CCD shift register 
18. 

The potential P30a of the portion of the barrier 
region 30 between the drain 26 and the first portion 
24a of the second layer 24 is lower than the 
potential P24a of the first portion 24a. The potential 
P30b of the portion of the barrier region 30 be- 
tween the drain 26 and the second portion 24b of 
the second layer is lower than the potential P24b of 
the second portion 24b. Thus, under normal con- 
ditions, charge carriers from the second region 24 
are prevented from flowing into the drain. However, 
if the level of the carriers collected in the second 
portion 24b of the second region 24 fills the second 
portion 24b, any additional carriers will overflow the 
barrier provided by the potential P24b and flow into 
the drain contact 26, as indicated by the arrow 40 
in FIG. 6. This prevents blooming. The potential 
difference between the second portion 24b and the 
adjacent portion 30b of the barrier 30 is less than 
the potential difference between the first and sec- 
ond portions 24a and 24b of the second region 24. 
Thus, excess carriers collected in the second por- 
tion 24b will overflow the barrier 30b to the drain 
26 before they will flow back into the first portion 
24a. 

By using only a portion of the photodetector 16 
for storing generated charge carriers, the capaci- 
tance of the photodetector 16 is greatly reduced. 
This improves the amount of antiblooming protec- 
tion and reduces photoresponse nonlinearity. How- 
ever, the entire photodetector 16 is still being used 
to collect detected light and to generate electrons 



from the light. Thus, the photoresponse of the 
photodetector 16 is not reduced. 

Since the capacitance of the photodetector 16 
is reduced, the maximum voltage swing across the 

5 photodiode 16 at saturation is increased. That is, 
the barrier height between the second portions 24b 
of the second region 24 and the second portion 
30b of the barrier 30 must be increased in inverse 
proportion to the reduction in storage area. The 

w sensitivity of the barrier height (the potential dif- 
ference between the second portions 24b of the 
second region 24 and the second portion 30b of 
the barrier 30) to variations of processing param- 
eters, such as implant dose, implant energy, and 

75 oxide thickness variations is inversely proportional 
to the barrier height. Therefore, any barrier height 
variations become a smaller fraction of the satu- 
rated diode's voltage swing as the capacitance is 
reduced. Thus, by increasing the barrier height, the 

20 photodetector's charge capacity becomes less sen- 
sitive to the various processing parameters. 

Thus, there is provided by the present inven- 
tion an image sensor having a plurality of 
photodetectors arranged in an array with CCD shift 

25 registers for carrying away the charge carriers from 
the photodetectors. Each of the photodetectors has 
an antiblooming drain and barriers means for con- 
trolling blooming. Each photodetector has a storage 
area which is smaller than the overall area of the 

30 photodetector to reduce the capacitance of the 
photodetector. This improves the antiblooming 
characteristics and reduces the photoresponse 
nonlinearity of the photodetectors without loss of 
response. In addition, the photodetectors have re- 

35 duced sensitivity to processing variations. 

It is to be appreciated and understood that the 
specific embodiments of the invention are merely 
illustrative of the general principles of the invention. 
Various modifications may be made consistent with 

40 the principles set forth. For example, although the 
photodetectors 16 are shown as being pinned di- 
odes, other types of photodetectors can be use, 
such as photocapacitors and/or an n-type conduc- 
tivity substrate. Also, although the image sensor 10 

45 is shown as having a lateral overflow drain type 
structure, it can have a vertical overflow drain 
structure. In addition, the image sensor is shown as 
being of a two dimensional array, it can be a linear 
array or any other type of image sensor having 

50 photodetectors and shift registers. 

Claims 

1. An image sensor comprising: 
55 a body of a semiconductor material of one 

conductivity type having a surface; 

a least one photodetector region in the 
body at the surface, the photodetector region 
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having first and second portions with the first 
portion having a lower potential than the sec- 
ond portion so that charge carriers generated 
in the first portion will flow into the second 
portion; 

a shift register along the detector; 

a drain region in the body and adjacent 
the photodetector region; and 

barrier means between the drain region 
and the photodetector region. 

2. The image sensor of claim 1 wherein the 
photodetector has at least one active region of 
a conductivity type with the first portion of the 
active region having an impurity concentration 
of the conductivity type greater than that of the 
second portion. 

3. The image sensor of claim 2 in which the 
barrier between the drain region and the 
photodetector is a region of the same con- 
ductivity type as the active region of the 
photodetector but has a higher concentration 
of the conductivity impurity than the active 
region. 

4. The image sensor of claim 3 in which the first 
and second portions of the active layer each 
extend up to a separate portion of the barrier 
region. 

5. The image sensor of claim 4 in which the 
portion of the barrier region to which the first 
portion of the active region extends has an 
impurity concentration greater than the portion 
of the barrier region to which the second por- 
tion of the active region extends. 

6. The image sensor of claim 5 in which the 
potential difference between the first and sec- 
ond regions of the active layer is greater than 
the potential difference between the second 
portion of the active layer and the portion of 
the barrier region to which the second portion 
extends. 

7. The image sensor of claim 6 in which the 
photodetector includes a first region of a sec- 
ond conductivity type opposite that of the body 
in the body at the surface and a second region 
of the one conductivity type in the first region 
forming a p-n junction therebetween, and the 
second region is formed with the first and 
second portions. 

8. An image sensor comprising: 

a body of a semiconductor material of one 
conductivity type having a surface; 



a plurality of photodetectors in the body at 
the surface, the photodetectors being arranged 
in an array of at least one line, and each of the 
photodetectors having first and second por- 
5 tions with the first portion having a lower po- 

tential than the second portion so that charge 
carriers generated in the first portion will flow 
into the second portion; 

a shift register in the body and extending 
ro along the line of photodetectors; 

a drain region in the body adjacent each of 
the photodetectors; and 

barrier means between each drain region 
and the sections of its adjacent photodetector. 

75 

9. The image sensor of claim 8 wherein each 
photodetector has at least one active region of 
a conductivity type with the first portion of the 
active region having an impurity concentration 

20 higher than that of the second portion. 

10. The image sensor of claim 9 in which the 
barrier between each drain and its adjacent 
photodetector comprises a region of the same 

25 conductivity type as the active region of the 

photodetector but has a higher impurity con- 
centration than the active region. 

11. The image sensor of claim 10 in which the first 
30 and second portions of the active region of 

each photodetector extends up to a separate 
portion of its respective barrier region. 

12. The image sensor of claim 11 in which the 
35 portion of each barrier region to which the first 

portion of its respective active layer extends 
has an impurity concentration greater than the 
impurity concentration in the portion of the 
barrier region to which the second portion of 
40 the active layer extends. 

13. The image sensor of claim 12 in which the 
potential difference between the first and sec- 
ond portions of the active region of each 

45 photodetector is greater than the potential dif- 

ference between the second portion of the 
active region and the portion of the barrier 
region to which the second portion extends. 

50 14. The image sensor of claim 13 in which each 
photodetector comprises a first region of a 
second conductivity type opposite that of the 
body in the body at the surface and a second 
region of the one conductivity type in the first 

55 region and forming a p-n junction therewith 

and the second region is formed into the first 
and second portions. 
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15. The image sensor of claim 8 in which the 
photodetectors are arranged in an array of 
rows and columns with each column being in a 
line and a separate shift register extends along 
each column of the photodetectors. 5 

16. The image sensor of claim 8 further compris- 
ing a channel stop region extending along the 
side of the line of photodetectors opposite the 
shift register and between adjacent w 
photodetectors. 

17. The image sensor of claim 8 in which each of 
the shift registers is a CCD shift register hav- 
ing a channel region in the substrate and ex- 15 
tending along and spaced from the line of 
photodetectors and a plurality of gates extend- 
ing across and insulated from the channel re- 
gion. 

20 
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